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PREFACE

For nearly a quarter of a century, the U.S. space program enjoved what
can appropriately be termed a “golden age.” From the launch of
Earth-orbiting satellites, to the visits by robotic spacecraft to Venus and
Mars. to the stunning achievement of landing the first human beings on
the Moon, the many successes of the space program were exciting and
awe-inspiring. The United States was clearly and unquestionab'y the
leader 1n space exploration, and the nation reaped all the beneits of
pride, international prestige, scientific advancement. and technological
progress that such leadership provides.

However. in the aftermath of the Challenger accident. reviews of our
space program made its shortcomings starkly apparent. The United
States’ role as the leader of spacefaring nations came into serious ques-
tion. The capabilities. the direction. and the future of the space program
became subjects of public discussion and professional debate.

The L.3. civilian space program is now at a crossroads. aspiring toward
the visi~ s of the National Commission on Space but faced with the
realities set forth by the Rogers Commission. NASA must respond ag-
gressively to the challenges of both while recognizing the necessity of
maintaining a balanced space program within reasonable fiscal limuts.

Two fundamental. potentially inconsistent views have emerged. Many
people believe that NASA should adopt a major. visionary goal. Thev
argue that this would galvanize support. focus NASA programs. and gen-
erate excitement. Many others believe that NASA is alreadv overcom-
mitted in the 1990s; they argue that the space agency will be struggling

to operate the Space Shuttle and build the Space Station. and could not
haridle another major program.




Eoth views reflect concem ove: the current
status of the space program. but each deals with
only one aspect ot :ke problem. The space pro-
gram needs a long-range direction: it also needs
the fundamental capabilities that would enable
it to move in that direction. A single goal is not
a panacea—the problems facing the space pro-
gram must be met head-on. not oversimplified.
But if there are no goals, or if the goals are too
diffuse. then there is no focus to the program and
no framework for decisions.

The goals of the civilian space program must be
carefully chosen to be consistent with the na-
tional interest and also to be consistent with
NASA’s capabilities. NASA alone cannot set
these goals, but NASA must lead the discus-
sion, present technically feasible options, and
implement programs to pursue those goals
which are selected.

We must ask ourselves: “Where do we want to
be at the turn of the century?” and “What do we
have to do now to get there?” Without an eye to-
ward the future, we flounder in the present. It

is not too early 19 crystallize our vision of the
space program in the year 2000. A clear vision
provides a framework for current and future pro-
grams: it enables us to know which technologies
to pursue, which launch vehicles to develop,
and which features to incorporate into our Space
Station as it evolves.

Leadership in space does not require that the
U.S. be preeminent ir. all areas of space enter-
prise. The widening ange of space activities
and the increasing namber of spacefaring
nations make it virtually impossible for any
ccuntry to dominate ‘n this way. Itis, therefore,
essential for America to move promptly to deter-
mine its priorities and to pursue a strategy which
would restore and sustain its leadership in the
areas deemed important.

The Rogers Commission. in its concluding
thoughts, states that NASA “constitutes a na-
tional resource that plays a critical role in space
exploration and development. It also provides a
svmbol of national pride and technological
leadership. The Commission applauds NASA's
spectacular achievements of the past and anti-
cipates impressive achievements to come.”
Only with a clear strategy in place, and its goals
for the future defined and developed. will the
country be able to regain and retain leadership
in space.




INTRODUCTION

I n response to growing concern over the posture and long-term direc-
tion of the U.S. civilian space program, NASA Administrator Dr.
James Fletcher formed a task group to define potential U.S. space in-
itiatives. and to evaluate them in light of the current space program and
the nation’s desire to regain and retain space leadership. The objectives
of the study were to energize a discussion of the long-range goals of the

. civilian space program and to begin to investigate overall strategies to
direct that program to a position of leadership.

The task group identified four candidate initiatives for study and evalu-
ation. Each builds on NASA's achievements in science and exploration,
and each is a bold. aggressive proposal which would. if adopted, restore
the United States to a position of leadership in a particular sphere of
space activity. The four initiatives are: (1) Mission to Planet Earth.
(2) Exploration of the Solar System, (3) Outpost on the Moon. and
{4) Humans to Mars. All four initiatives were developed in detail. and
the implications and requirements of each were assessed.

This process was not intended to culminate in the selection of one in-
itiative and the elimination of the other three, but rather to provide four
concrete examples which would catalyze and focus the discussion of the
goals and objectives of the civilian space program and the efforts required
to pursue them.

When this activity began. several studies relevant to NASA’s long-range
goals and its ability to achieve those goals were already in progress. Some
of these studies were being conducted by agencies external to NASA:
others were internal NASA studies. This task group became familiar with
those efforts, and sponsored others in areas not already covered. Addi-
tional information on all these studies is provided at the end of this report.
The interested reader is referred to the published reports for detailed
recommendations.




The major milestones of all relevant studies
were plotted on a timeline. shown in Figure 1.
This proved to be a useful summary for identify-
ing the activities and their projected completion
dates. A similar overview timeline should con-
tinue to be produced and revised. since it raises
awareness of existing studies and coordinates
related efforts.

This is not a final report. Rather. itis a status
report describing tiie work accomplished to
date, and how this work will continue. The re-
port discusses long-term goals of the civilian
space program, current posturing required to at-
tain these goals. and the need for a continuing
process to define, refine, and assess both the
goals and the strategy to achieve them.
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Figure 1. NASA Strategic/Long-Range Planning Activities
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LEADERSHIP IN SPACE

For two decades, the United States was the undisputed leader in
nearly all civilian space endeavors. However, over the last decade

the United States has relinquished, or is relinquishing, its leadership in
certain critical areas; one such area is the exploration of Mars. With the
Mariner and Viking missions in the 1960s and 1970s, this country

pioneered exploration of Mars — but no American spacecraft has visited
that planet since 1976. Our current plans for future exploration of Mars
-include only the Mars Qbserver mission, to be launched in 1992. In con-
trast, the Soviets have announced a program of extensive robotic explo-
ration of the Martian surface, beginning in 1988 and extending through
the 1990s.

The Soviets are now the sole long-term inhabitants of low-Earth orbit.
The first, and only, U.S. space station, Skylab, was visited by three crews
of astronauts before it was vacated in 1974; the U.S. has had no space
station since. The Soviets have had eight space stations in orbit since

the mid-1970s. The latest, Mir, was launched in 1986 and could accom-
modate cosmonauts and scientific experiments for nearly a decade before
the U.S. Space Station can accommodate astronauts in 1995.

The United States has clearly lost leadership in these two areas,
and is in danger of being surpassed in many others during the next
several years.

The National Space Policy of 1982, which “establishes the hasic goals
of United States policy,” includes the directive to “maintain United
States space leadership.” It further specifies that “the United States is
fully committed to maintaining world leadership in space transporta-
tion,” and that the civilian space program “shall be conducted ... to pre-
serve the United States leadership in critical aspects of space science,
applications, and technology.”




Leadership cannot simply be proclaimed - it
must be earned. As NASA evaluates its goals
and objectives within the framework of the
National Space Policy, the ageney must first un-
derstand what is required to “maintain U.S.
space leadership.” since that understanding
will direct the selection of national objectives.

Leadership does not require that the U.S. ke
preemirent in all areas and disciplines of space
enterprise. In fact. the broad spectr:in of space
activities and the increasing number of
spacefaring nations makz it virtually impossible
for any nation to dcminate in this way. Beingan
effective lezder does mandate, however, that
this country have capabilities which enable it to
act independently and impressively when and
where it chooses, and that its goals be capable
of inspiring others — at home and abroad - to
support them. .t is essential for this country to
move promptly tc determine its priorities and to
make conscious choices to pursue a set of objec-
tives which will restore its leadership status.

Leadership results from both the capabilities a
country has acquired and the active demonstra-
tion of those capabilities; accordingly, the
United States must have, and also be perceived
as having, the ability to meet its goals and
achieve its objectives.

A U.S. space leadership program must have two
distinct attributes. First, it must contain ¢ ~ound
program of scientific research and technology
development — a program that builds the na-
tion’s understanding of space and the space en-
vironment, and that builds its capabiiities to
explore and operate in that environment. The
United States will not be a leader in the 21st
Century if it is dependent on ocher countries for
access to space or for the technologies required
to explore the space frontier. Second, the pro-
gram must incorporate visible ane significant
accomplishments; the United States will not be
perceived as a leader unless it accomplishes
feats which demonstrate prowess, inspire

national pride, and engender international re-
spect and a worldwide desire to associate with
U.S. space activities.

National pride and international prestige are two
natural benefits of leadership in space. National
pride grows as citizens recognize their country’s
abilities and achievements; international pres-
tige rises as other nations recognize those
abilities and achievements.

Pe rhaps most significant, leadership is also 2
process. That process involves selecting and
enunciating priorities for the civilian space pro-
gram and then buiiding and maintaining the re-
sources required to accomplish the objectives
defined within those priorities. NASA can con-
tribute to this process by: (1) establishing a vi-
sion and goals consistent with national space
interests; (2) developing and recommending ob-
jectives and programs that support those goals:
(3) articulating, promoting, and defending them
in the political and fiscal arenas; and (4) e{fec-
tively executing approved programs.

To this en1. NASA embarked last fall on a re-
view of its goals and objectives. As NASA Ad-
ministrator Dr. James Fletcher stated. “It is our
intent that this process produce a blueprint to
guide the United States to a position of leader-
ship among the spacefaring nations of Earth.”

The first step in this necessarily lengthy process
was taken bv NASA Senior Management's
Strategic Planning Council when it adopted the
statement in the box or. the next page.

This statement reflects the bel:ef that NASA em-
bodies the human spirit’s desire to discover, t.
explore, and to understand. It should be noted
that the Space Shuttle and Space Station are not
viewed as ends in themselves, but as the means
toward achieving the broader goals of the na-
tion’s space program. Transportation and orbital
facilit.es support and enable our efforts in sci-
ence, exploration, and enterprise.
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The next step in this process should be to articu-
late specific objectives and to identify the pro-
grams required to achieve these objectives. Of
course, in some areas of study the programs
have already been identified and are well
under way. For example, The Hubble Space
Telescope, a general-purpose astronomical
observatory in: ace. is an element of NASA's
program to increase our understanding of the
universe in which we live; the redesign and re-
qualification of the Space Shuttle’s solid rocket
booster joint is part of NASA’s pregram to return
the Space Shuttie to flight status. However, in
other areas, such as piloted exploration, our
objectives have not been clearly identified.
Does this country intend to establish a lunar out-
post? To send an expedition to Mars? What are
NASA'’s major objectives for the late 20th and
early 21st Centuries? The Space Shuttle and
Space Station will clearly support the objec-
tives, but what will they be supporting?

These questions cannot, of course, be answered
by NASA alone. But NASA should lead the dis-
cussion. propase technically feasible options,
and make thoughtful recommendations. The
choice of objectives will shape, among other
things, NASA’s technology program, the evolu-
tion of the Space Station, and the character of
Earth-to-orbit trensportation.

MEETING THE CHALLENGE |
IN AERONAUTICS
AND SPACE

NASA's vision is to be at the forefront of |
advancements in aeronauiies. space science.
and exploration. To set our course into the |
215t Century and bring this vision to reality,
NASA wili pursue major goals which repre-
sent its aspirations in aviation and space. |
These goals are: :
9 Advance scientific knowledge of the !
planet Earth. the solar system, and

the universe bevond.

® Expand human presence bevond the
Earth into the solar system.

® Strengthen aeronautics research and
develop technology toward promoling
U.S. leadership in civil and military
aviation.

Successful pursuit of these major goals re-
quires commitment to the following support-
ing goals:
® Return the Space Shuttle to flight
status and develop advanced space
transportation capabilities.
® Develop facilities and pursue science
and technology needed for the
Nation’s space program.

As NASA pursues these goals, we will:

® Promote domestic application of
aerospsce technologies to improve
the quality of life on Earth and to ex-
tend human enterprise beyond Earth.

® Conduct cooperative activities with
other countries when such coopera-
tion is consistent with our national

space goals.

13
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STRATEGIC OPTION
DEVELOPMENT

he statement adopted by the Strategic Planning Council describes
NASA’s missioa. its vision, and the scope of its activities. But the
next step in the process cannot be taken in the absence of a comprehen-
sive strategy for the civilian space program. Without a coherent formu-
lation of the Unit=d States’ intentions and priorities, there is no coutext
in which % evaluate the relevance or the importance of any proposed
imtiatives .
To lay the foundation for the definition and articulation of such a strategy.
NASA is currently developing a process to sysiematically assess the pos-
ture of our space program and to refine and assess candidate strategies
to direct its future. This process, strategic option development, is still
in its early stages; nevertheless, the development of the process has
yielded some interesting insights into existing and potential space
strategies.
Tr.e application of saategic option development to charting the future of
the L.S. space prczram initially evolved from analogies drawn from rel-
evant aspects of business theory. Although it is unconventional to think
of space endeavors ia terms of a business, many concepts from the busi-
ness world are applicable and quite useful.

Leadership ir business is possible at any time during a product’s life
cycle. When a new product is introduced (the innovator stage) there is

no competition. If the product is successful, the firm becomes the market
leader by default. The drawback, of course, is that innovators must ac-
cept the high cost and high risk associated with being first. The space
progran. in the early 1960s was an innovator’s market. Nearly every suc-
cessvul cffort produced a “first,” bat the risks, as well as the numbier of
fatlurcs, were very high.

The launch of America’s first astronaut in space, Alan B. Shephard Jr.,
on the Mercury Redstone Il from Cape Canaveral on May 5, 1961.




In a mature business market (the late majority
stage) there exists a balance. as many firms
compete for some share of the market. At this
stage. it is still possible to be 2 market leader
by carving out a parucular niche of that market
or by delivering the highest quality or best
value. The launck vehicle market. for exampie.
is approaching a more mature stage. and many
countries will be vving for 'eadership in

the 1990s.

A firm engaged in more then one market must
develop an integrated strategy which provides
the flexibility 1o be both an inn-vator in a new
market and the leading competitor in a mature
market: this principle chould be applied to a
space program as well.

The business of space has expanded Loasider-
ably since the 1960s. The areas of scientific
research, space technology. space exploration.
and space services are still open to leadership
through innovation, but some are also now open
to leadership ir more mature markets. In fact,
national spece programs must now look at four
stages of space leadership: (1) the pioneer stage.
innovation in some particular area of research,
technology. or exploration: (2) the complex sec-
ond stage, a < ontinuation of 2 pioneering effort.
but with bre sder. more complex objectives; (3)
the operational stage. with relatively mature and
routine capabilities: and (4) the commercially rr-
able stage. with the putential for profit-making.

The activities of a space program can be charac-
terized by physical regions of space: (1) deep
space. (2) the outer solar system (the planets
beyond the asteroid belt), (3) the inner solar sys-
tem (the inner planets, the Moon, and the Sun),
(4) high-Earth orbit, and (5) low-Earth ozhir.
Supporting technologies, such as launch
capabilities and orbital facilities, are required
to undertake all programs.

The complex concept of space leadership may
be broken down into logical elements to forma

two-dimensional matrix. The columas of the
matrix are delineated by the four leadership
stages outlined previously: the rows are the iive
physical regions of possible space activities,
witn a sixth row for supporting technologies and
transportation. Each square of the matrix de-
fines a particular area of possible leadership.
™ :is matnix analysis provides a way to concep-
tualize alternative courses of action and can be
used to describe and assess the space programs
of spacefaring nations. It is possible to be a
leader in a single square through any of a
number of different programs. Figar~ 2 illus-
trates several programs which. if undertaken in
the 1990s, would result in leadesship in one
area of space endeavor. For example. a country
could be a leader in the highlighted area of a
complex second effort in the inner sclar system
by successfully establishing a lunar outpost or
by sending sophisticated rovers to other worlds.

Not all the squares will be accessible in the next
decades. Technology has not progr=ssed to the
point that any nation is able t contemplate, for
example, commercial prospects in the outer
solar system. This figure does not represent a
particular strategy; rather, it represents a col-
lection of potential programs.

Being a leader in one area no longer results in
overall space leadership. In the early 1960s. the
United Staies and the Soviet Union were the orly
competitors. and only the cells in the lower left
corner of the matrix were accessible. As
technology advanced and nations gained ex-
perience in space, the opporturities began to
expand. In the 1960s, the U.S. learmed to send
satellites to geosynchronous orbit, scientific ex-
periments to low-Earth orbit. spacecraft to
Mars, and even astronauts te the Moon. America
was undeniably the leader in space exploraticn,
but the range of space activities was (by today’s
standards) relatively limited. In the 1980s, not
only has the number of spacefaring nations in-
creased, but so has the range of activities that

16



S

an interested nation might undestake.

The business of sp2ce has expanded and
beanched., and now encompasses such diverse
and mature fields as remote sensing, micrograv-
ity materials research, commercial communica-
tions, and interplanetary exploration. It appears
virtually impossible for a single nation to domi-
nate in all space endeavors. Since the U.S. can
o longer reasonably expect to lead the way in
all actividies, it is now important to adopt a
strategy to strive for leadership in carefuily cho-
sen areas.

If nations engage in similar activities (occupy
the same space on the matrix} the conditions
exist for either rivalry or cooperation: if a nation
engages in distinct activities {occupies a space
alone). the conditions exist for uncontested
leadership.

This matrix was used to broadly characterize the
space programs of the United States and other

spacefaring nations during two periods of the
space age: (1) 1957 through 1977, illustrated by
Figare 3; and (2) 1978 through 1990, illus-
trated by Figare 4.

The majoc programs, U.S. and noa-L.5.. were
identified and placed in the appropriate
squares. This is by no means a comprehensive
compilation. but the selected activities are rep-
resentative of space effocts during these periods.
An admittedly subjective assessment was made
of whether the public perceived the U. 3. oc non-
U.S. efforts to be the leaders in a given square.
Each square was then shadea either blue or red:
blue if the U.S. was judged the leader, red if not.

A cumparison of the two matrices grapaically
displays the difference between these two
pesiods of time. In the early years of the space
age, fewer areas were accessible and the U.S.
was the clear leader in most; the matrix repre-
senting the 1980s illustrates the decline of U.3.
leadership.
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SUPPORTING
NATIGNAL ASSURED ACCESS COMMERCAL
Wmﬁ” AGOSPACE PLANE SHUTRED AND RETUSN LAGNCH VECLES
Figure 2. Possible Programs o Capture Leadership after 1995
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Examining the programs of the spacefaring na-
tions shows the basic character o each. The
U.S. space program has historically been com-
posed of pioneering efforts ~ significant firsts
and complex second efforts, which emphasized
advanced research, technology, and explora-
tion. The general trend can be characterized as
revolutionary, producing spectacular events.
rather than moderate, evolutionary advances.
Even the United States Space Shuttle, though
designed to be operational, was a revolutionary
concept — it did not evolve from existing launch
vehicles.

The Soviet space program, which is radically
diflerent from the American program. can be
characterized as systematic and evolutionary.
The primary focus is not on advanced research
and technology. but on incrementally developed
operational capabilities, achieved through a
strong commitment 0 a robust infrastructure.
The Soviets have steadily evolved toward this
operational state and they are now beginning to
build on that operational base to move slowly
into the commercial arena.

The Europeans and the Japanese appear to be
pursuing strategies that combine desires to pur-
sue science in selected areas and to achieve
commercial viability in others. The launch sys-
tem Ariane, the remote-sensing satellite SPOT,
and the Japanese JEM (which will be devoted to
materials science research) are all examples of
elements in these strategies.

These observations suggest that there is no one
“correct” strategy; rather. there are many dis-
tinct strategic optioas. Clearly. each nativn
should choose and pursue a strategy which is
consistent with its own rational objectives.
What should our choice be? Do we want to ma-
ture our operationa’ Earth- orbiting capabiiities
to a viable commercial enterprise? Should we
continue our leadership role in solar system and

deep-space exploration? Or should we focus on
venturing ever further outward from Earth with

human expeditions to the planets?

18
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LEADERSHIP INITIATIVES

To energize a discussion of long-range goals and strategies for the
civilian space program, four bold initiatives were selected for def-

inition, study, and evaluation:

1. Mission to Planet Earth: a program that would use the perspective
afforded from space to study and characterize our home planet on a global
scale.

2. Exploration of the Solar System: a program to retain U.S. leader-
ship in exploration of the outer solar syste'n, and regain U.S. leadership
in exploration of comets, asteroids, and Mars.

3. Outpost on the Moon: a program that would build on and extend
the legacy of the Apollo Program, returning Americans to the Moon to
continue exploration, to establish a permaneni scientific outpost, and to
begin prospecting the Moon’s resources.

4. Humans to Mars: a program to send astronauts on a series of round
trips to land on the s. rface of Mars, leading to the eventual establishment
of a permanent base.

The intent is not to choose one initiative and discard the other three, but
rather to use the four candidzte initiatives as a basis for discussion. For
this reason, it was important to choose a set of initiatives which spanned
a broad spectrum of content and complexity.




The ground rules for this study sre important to
understand, since they influenced the detailed
definition of the initiatives. The ground rules,
set forward at the outset of this study, were:

@ Th~ initiatives should be considered in
addition 'o currently plannea NASA
programs. They were not judged
against. nor would they supplant. exist-
ing programs.

® Each initiative should be developed
independently. There is, of course.
considerable synergism between certain
initiatives. For example, one possible
progression for human exploration could
be the development of a iuniar cutpost,
followed by an expedition to Mars. How-
ever, in order to provide a clear starting
point for discussion, the four were con-
sidered to be distinct.

® The initiatives should achieve major
milestones within two decades.

@ The Humans to Mars initiative should
be assumed tc be an American venture.
It was beyond the scope of this work to
consider joint U.S./Soviet human
exploration.

The candidate initiatives were developed and
presented to NASA management to: (1) evaluate
the initiatives and their implications, and (2)
promote a discussion of the attributes of each in-
itiative to determine the elements which are
most important to NASA and to the United
States.

Each initiative was developed by a separate task
group, which discussed the goals, milestones.
and elements of the initiative, and then deter-
mined the requisite transportation, space
facilities, and technologies. For each initiative,
an “advocate” was identified to work with ap-
propriate NASA personnel to develop program-
matic details. These four advocates presented
the strategies, scenarios, requirements, and
rationale to senior NASA management.

Two initiatives, Mission to Planet Earth .nd
Exploration of the Solar System, had a body of
recent work from which to draw. The 1980 re-
port of the Earth System Sciences Committee of
the NASA Advisory Council. Earth Svstem
Science: A Program for Global Change. clearlv
states goals for the future observation of Earth.
Two reports by the Solar System Exploration
Committee of the NASA Advisory Council simi-
larly articulate goals and recommendations for
solar system exploration. Titled Planetarv
Exploration through Year 2000: Part One: A
Core Program. and Part Two: An Augmented
Program. these reports outline both a conserva-
tive. steady program for solar system exploration
and a set of more challenging, exciting missions
to be undertaken if resources to do so become
available. The othertwo initiatives, Outpost on
the Moon and Humans to Mars, did not have
clearly delineated strategies available and no
specific organization within NASA was dedi-
cated to their advocacy.

22



An Earth-orbuting polar plattorm.

'MISSION TO PLANET EARTH

Aission to Planet Earth is an initiative to under-
s:and our home planet. how forces shape and
- affectits envivonment. how that environmentis
changing, and how those changes will affect us.
The goal #f this initiative is to obtain a com-
_preaensive scientific understanding of the en-
tire Zuith Svstem, by describing how its various
components function. how they interact. and
how they may be expected to evolve on all time

seales.

- The challenge is 1o develop a fundamentul
“understunding of the Earth System. and of the
consequences of changes to that system, in
order s eventually des elop the capability 1o pre-
dict changes that mizht occur ~ either naturally,
or as a resu't of Luman aclivity,

Background

With the launch of the first experimental sutel-
iites in the 1900s. NASA ploneered the remote

sensing of Earth from spuce. Overthe pust two -
decades, the sctenudic community has con-

cluded that Earth is in a process of global
change. and scientists now believe that it is
necessary to study Earth as o svrergistic svstem.
As stined in the Earth Svstem Bciences Commit-
tee report cited earlier. “Global observations.

~ new space technology. and quantitative models

have now ziven us the capability o probe the
complex, interactive processes of Earth evelu-

tion and global change.” Irteractive physical,
chemical. and biological processes connect the

_oceans, continents, atmosphere. and biosphere

of Earth in a complex wav. Oceans. ice-covered

regions, and the atmosphere are closely linked
~and shape Earth’s climate: volcanism links

inner Earth with the atmosphere; snd biological
activity sigmificanily contributes to the eveling
of chemicals te.g. . carbon, oxygen, und carbon
dioxide; important to life. And now it is clear
that human activity also has a major impacton
the evolution of the Earth System.

GClobal-seale changes of uncertain impact, rang-

ing from an increase in the atmospheric warming
gases, carbon dioxide and methane. to a hole in
the azone layer over the Antarctic. to important
variations in vezelation covers and in coast-
lines, have already been cbserved with existing
measurement capabilities. The polentially
major consequences, either detrimental or
beneficial. suggest an urgent need to under-
stand these variations. ,
We currently lack the ability to loresee chunges
in the Eaith System. and their subsequent

_effects on the planet’s physical, economic. and

socicl climate. But that could change; this
initiative would revolutionize our ability to
characterize our home planet, and would be the
first step toward developing predictive models
of the global environment. '




Strategy and Scenario

The guiding principle behind this initiative is to
adopt an integrated approach to observing
Earth. The observations from various sensors on
platforms and satellites will be coordinated to
oerform global surveys and also to perform de-
tailed observations of specific phenomena.

Mission to Planet Earth proposes:

1. To establish and maintain a global
observational system in space.which
would include experiments and free-fly-
ing platforms, in polar,low-inclination,
and geostationary orbits, and which
would perform integrated. long-term
measurements.

2. To use the data from these satellites
along with in-situ information and nu-
merical modeling to document, under-
stand, and eventually predict global
change.

As illustrated in Figure 5. the global
observational system would include a suite of
nine orbiting platforms:

® Four sun-synchronous polar platforms:
two provided by the United States and
one each provided by the European
Space Agency (ESA) and the Japanese
National Space Development Agency
(NASDA). The first platform would be
launched in 1994 and all four platforms
would be in orbit by 1997. These plat-
forms would provide global polar cover-
age with morning and afternoon crossing
times.

® Five geostationary platforms: three pro-
vided by the U.S. and one each by ESA
and NASDA. These platforms would all
be launched and deployed between
1996 and 2000.

Fizure 3. Mission to Planet Earth

Low-inclination, low-altitude payloads would
also be included in the system. The Earth Radi-
atior Budget Experiment satellite. launched
from the Space Shuttle in 1984, and the syn-
thetic aperture radar sensors. SIR-A and SIR-B,
flown on the Shuttle in 1981 and 1984, are the
tvpes of experiments that would fall into this
category. Arother example would be a proposed
Space Station-attached payload designed io ob-
tain coverage of tropical rainfall with sampling
at all lecal times.

The integrated system would measure the full
complement of the planet’s characteristics.
including: global cloud cover. vegetation cover,
and ice cover; global rainfall and moisture;
ocean chlorophyll content and ocean topog-
raphy; motions and deflormations of Earth’s
tectonic plates; and atmospheric concentration
of gases such as carbon dioxide, methane, and
ozone.

Space-based observations would also be coordi-
nated with ground-based experiments and the
data from all observations would be integrated

by an essential component of this initiative: a
versatile, state-of-the-art information manage-
ment system. This tool is critical to data analysis
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and numerical modeling, 1d would enable the
integration of all ohservational data and the
development of diagnostic and predictive Earth
System models.

This global observational system would be
designed to operate for decades, serviced either
by astronauts or robotic systems to ensure long
life and to provide the continuing data collec-
tion, integration, and analysis required by chis
initiative.

Because of its international and interdiscipli-
nary nature, the Mission to Planet Earth re-
quires the strong support and involvement of
other U.S. government agencies (particularly
the National Science Foundation and the
National Oceanic and Atmospheric Administra-
tion) and of our international partners. The roles
of the various Federal agencies have been
examined in detail by the Earth System Sciences
Committee. NASA's responsibilities would in-
clude the information management system and
platforms and experiments described previ-
ously. Most important, NASA would also pro-
vide the supporting technology, space transpor-
tation, space support services, and much of the
scientific leadership.

Technology, Transportation,

and Orbital Facilities

This initiative requires advances in technology
to enhance observations, to handle and deliver
the enormous quantities of data, and to ensure
along operating life. Sophisticated sensors and
information systems must be designed and de-
veloped, and advances must be made in automa-
tion and robotics (whether platform servicing is
performed by astronauts or robotic systems).

To achieve its full scope, this initiative requires
the operational support of Earth-to-orbit and
spuce transpo-tation systems to accommodate
the launching of polar and geostationary plat-
forms. This does not represent a large number

of additional launches, but it does require the
capability to launch large payloads o polar
orbit: Titun Vs would be used to accomplish
this. Since the envisioned geostationary plat-
forms would be lifted to low-Earth orbit, assem-
bled at the Space Station, and then lifted to
geosynchronous orbit with a space transfer ve-
hicle, well-developed orbital facilities are
essential. By the iate 1990s, the Space Station
must be able to support on-orbit assembly. and
a space transfer vehicle must exist.

Summary

NASA, with its technical and scientific exper-
tise, is uniquely suited to lead Mission to Planet
Earth. Only from Earth orbit can we gain the
perspective necessary to observe the Ezrth Sys-
tem and the interaction of its components on a
global scale. We now understand what to ob-
serve and how to observe it. While we do not vet
know how the data will piece together, the
resulting Earth System models, developed and
refined over years of study, are tlie important
products of this initiative, and would establish
NASA as aresponsive agency ready to meet the
challenge of a genuine time-critical need.
Championing this initiative would establish the
United States at the forefront of a world-
recognized need to understand our changing
planet.
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The Comet Rendezvous Asteroid Flvby spece-
crafi flies in formation with Comet Tempel 2.

EXPLORATION OF
THE SOLAR SYSTEM

This inittative would build on NASA's long-
standing tradition of solar svstem exploration
and wouldcor. - the quest to understand our
planetary svs. sorigin, and its evolution,
Selarsystem.  .esare divided into three dis-
tinct classes: the primitive hodies (comets and
asteroids}, the oute: (gas glant) planets, and the
inner (terrestrial) planets. Each class occupies
a unique position in the hisiory of the solar sys-
tem, and each is the target of a major mission

in this inittative, which includes a comet ren-
dezvous (the Comet Rendezvous Asteroid Flvby
mission), & missic i to Saturn (Casstng}, and
three sampiz return missions to Mars. The cen-
terpiece of the initiative is the robotic explora-
tion of Mars: the first of these three automated
missions would bring a handful of Mars back to
Earth before the vear 2000, '

Backxmound

i the 1260s and 1970s, explu.ation of the selar
svstem was an impoctant and visible component
of the LS. space program. Highlv successtul
missions such as Pioneer, Viking, and Vovager
made the United States the unchallenged leader
in the exploration of the planetz. Ourspacacalt
were consistently both the first and the best,
While the Soviet Union concentiated mustof its
offorts on the exploration of Venus, the restof
the solar system was left to the United States.

But now almost 1decade has elapsed between
U.5. planetary missions — the last was Pioneer
Venus. launched in 1978, Galileo (10 Jupiter).
Magellan (to Venus), and the ¥ ors Observer are
in line for launch between 1989 and 1992 but
no other planetary missions have been ap-
proved. Although the successful Vovager mis-
sions 1o the outer planets clearly established
U.5. leadership in exploration of the outer solar
system, plans for the future beyond the Galiles
mission ars uncertain.

Other nations have recently begun to undertake
innovative anc challeaging programs {the recent
internaticnal {lotilla to Halley's Comet is an ex-
cetlent example). The Soviets have announced
an atabitious program for the exploration of Mars
which will culninate in a sample return mis-
sion. and the Europeans have set a long-term
goal of retu, ring a sample from a comet.
Although currently scheduled U.S. missions
will ensure that the United States will remaina
leader in certain areas of solar system explora-
tion through 1993, the pusition of the United
States bevond 1995 is in question. This inio-
tive would maiatain U.S. leadership in explora-
tion of the outer planets, and would regain and
sustain U S, leadership in the exploration of
both the planet Mars und the pumitive bodies
of the solar system.




Strategy and Scenario

This initiative is based on the balunced strategy
developed by the Solar System Exploration
Committee of the NASA Advisory Council and
elucidated in its two reports (cited previously)
describing a Core Program and an Augmented
Program for planetary exploration. The missions
include:

1. The Comet Rendezvous Asteroid
Flyby (CRAF) mission would invest:-
gate the beginnings of our solar system.
studying a Main Belt asteroid and a
comet, which represent the best-
preserved samples of the early solar sys-
tem. Because of their primordial nature,
comets can provide critical clues about
the processes that led to the origin ard
evolution of our solar system.

The CR.\F mission scenario is shown in
Figure 6. After a 1993 launch and a
six-month cruise, the spacecraft would
fly past the asteroid Hestiz at an altitude
of about 10,900 kilometers. CRAF’’s
visual and infrared as:eroid imaging sys-
tems would conduct ir.vestigations of
Hestia’s surface composition and struc-
ture. CRAF would then continue its
Jjourney for a rendezvous with a periodic
comet, Tempel 2. The spacecraft would
maneuver to within 25 kilometers of the
comet’s nucleus and begin a senies of
observations, which includes shooting
two penetrators into the nucleus itself for
detailed in-situ measurements. The
spacecraft would fly in close formation
with the comet until it nears the Sun and
becomes active; then the spacecraft
would maneuver farther away to observe
the comet’s coma and ta™.

2. The Cassini mission would explore
Saturn and its largest moon, Titan. The
giant outer planets offer us an opportu-
nity to address key questions about their
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Figure 7.
The Casswni Mission

internal structures and compositions
through detailed studies of their atmos-
pheres. Titan is an especially interest-
ing target for exploration because the
organic chemistry now taking place
there prvides the orly planetary-scale
laboratory for studying processes that
may “~ve been important in the pre-
biotic terrestrial atmosphere.
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The Cassini mission proposed in this
initiative would be a considerably
expanded version of the Cassini mission
considered by the Solar System Explora-
tion Committee. (Figure 7 shows the
scenario for the baseline version of
Cassini.) This expanded mission would
be launched in 1998 for the long inter-
plianetary vovage to arvive at Satum in
2005 with a full array of investigative
instruments. An orbital spacecraft and
three probes would conduct a com-
prehensive three-vear studv of the
planet and its rings, satellites, and mag-
would be launched toward Titan. The
expanded Cassini mission would also
carry one probe to investigate the Satur-
nian atmosphere, and one semi-solt
lander which would reach the surface of
Titan.

3. The Mars Rover/Sample Return mis-
sions would. in journeys covering hun-
dreds of millions of miles, gather sam-
ples of Mars and bring them back to
Earth. Because of its relevance to un-
derstanding Earth and other terrestrial
planets, and because it is the only other
potentially habitable planet in our solar
system, Mars is an intriguing target for
exploration.

The Mars Rover/Sample Return mission
scenario is shown in Figure 8. [t would
involve a soft landing on the Martian
surface, deployment of a “smart™ sur-
face rover to select and collect samples.
delivery of the samples to an ascent ve-
hicle, and t ansfer of the samples from
Mars orbit to a return vehicle. The sam-
ples would then most likely Le returned
to a sample handling module on the
Space Station for analysis.

The initistive would include three such
missions: two launched in 1996, proba-
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Figure 8.

The Mars RoveriSample Return Mission

bly sending redundant rovers and ascent
vehicles to ensure return of a sample in
1999, and one launched in 1998/99 with
return in 2001.

Technology, Transportation,
and Orbital Facilities

Asitis defined, this in.tiative places a premium
on advanced technology and enhanced launch
capabilities to maximize the scientific return. It
requires aerobraking technology for aerocapture
and aeromaneuvering at Mars, and a high level
of sophistication in automation. robotics. and
sampling techniques. Advanced sampling
methods are necessary to ensure that gevlogi-
cally and chemically varied and interesting
samples are collected for analysis.

The Solar System Exploration initiative signifi-
cantly benefits from improved launch capability
in terms of the sciencs returned from both the
Mars and the Cassini missions. In fact, it is a
heavy-lift launch vehicle that enables the full
complement of three different probes to be
carried in the expanded Cassini mission.

The Space Shuttle is not required for any of the
missions in the initiative. The Spacc Station
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would not be needed until 1999, when an iso-
lation module max be used 1o recoive the Mur-
ting samples. '
Sumunary

This minative @é@;%s the z‘%z’m&i strategy devised
by the Solar System Exploration Committee for
a balanced. svstemsiic progiam of solur svsiem
exploration. Spacecralt would be sent 1o a comet
iTempe! 21, an outer planet (Saturni, and an
inner planet i Marsi, to study representatives of

each of the thiee distinct clusses of solur svstem
bodies in exquisite detail. The U8, would take
4 bold step forward in the exploration of Mars
and we would continue sur leadership in explo-
ration of the outer solar svstem. The scientific
return over the next two decades would comple-
ment the outstanding solar svstem exploration
program of the 1960s and 19705 and would offer
additional zmﬁgﬁm into the ::m%wm ol our
Eartn and the solar system.

OUTPOST ON THE MOON

This initiative builds on the legacv of Apolloand

envisions 4 new phase of lunar exploration and
development ~ 5 phase leading to a human out-
post on another worid. That sutpost would sup-
port scientific research and exploraion of the
Moon's resource potential, and would represent
a signilicant extraterresinal step toward learn-
Jingto live and work in the hostile environments
of other worlds.

Beginning with robotic exploration in the 1990s.
this iniliative would land astronauts or the lunar
surface in the vear 2000. to construct an outpost
that would evolve in size and capability und
would be a vital, visible extension of our
capabilities and our vision,

Background

The Apollo Program was a greal national adven-
re. We sent explorers to scout the cratered
%w%%%am%ﬁ éﬁfé smooth mﬂ&‘ of i%%’ef Moon. and

%&%miﬁmm on Earth. The world was fmammﬁ
by the Apotlo missions and the information they
obtained. and the samples provided scientisis
many exciting clues about the %%ﬂ s origin ;ma:%
chemical mmmmm, .

The Apollo era ended 15 vears ago, before we
could fully explore the promise of lunar science
and lunar resources. But we learned that human
beings can work on the surface of the Moon. and
we laid the technical foundation to develop the
scientific and engzineering tasks {or the nexi
stages of exploration. This initiative would send
the nexi generation of pioneers — 1o pitch their
tents, establish supply lines, and gradually
build a scientificall. and technically productive
sulpost suitable for long-term habutation.

ment mfem to %zw :azfzs:’é wwi«: inspace. Asour
experience and capabilities on the lunar surfuce
grow, this extraterrestrial outpost will gradually
become less and less dependent on the supply
line to Earth. The first steps toward “living off
the lunar land” will be leaming to extract oxvgen
from the lunar soil, where it is plentiful. and
learning io make construction materials. The
tunar soil would eventually be a source ol oxy-
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gen for propellant and life-suppon systems. and
a source of material for shelters and facilities.
The Moon’s unique environment provides the
opporturity for significant scientific advances:
the prospect for gains in lunar and planetary sci-
ence is abundantly clear. Additionally, since
the Moon is seismically stable and has no atmos-
phere, and since its far side is shielded from the
radio noise from Earth. it is a very attractive spot
for experiments and observations in astro-
physics, gravity wave physics. and neutrino
physics, to name a ‘ew. It is alsc an excellent
location for mater.als science and life science
research because of its low gravitational field
(one-sixth of Earth’s).

Strategy and Scenario

This initiative proposes the gradual, three-
phase evolution of our ability to live and work
on the lunar surface.

Phase I: Search for a Site (1990sj

The initial phase would focus on robotic explo-
ration of the Moon. It would begin with the
launching of the Lunar Geoscience Observer,
which will map the surface, perform geochem-
ical studies, and search for water at the poles.
Depending on the discoveries of the Observer,
robotic landers and rovers may be sent to the
surface to obtain more information. Mapping
and remote sensing would characterize the lunar
surface and identily appropriate sites for the
outpost. The discovery of water or other volatiles
would be extremely significant, 2nd would have
important implications for the location of a
habitable outpost.

Phase II: Return to the Moon (2000-2005)
Phase Il begins with the return of astronauts to
the lunar surface. (The scenario is sketched in
Figare 9.) The initiative proposes that a crew
be transported from the Space Station to lunar
orbit in a module propelled by a lunar transfer
vehicle. The crew and equipment would land in
vehicles derived from the transfer vehicle. Crew

members would stay on the surface for one to two
weeks, setting up scientific instruments. a lunar
oxygen pilot plant, znd the modules and equip-
ment necessary to begin building a habitable
outpost. The crew would retumn to the orbiting
transfer vehicle for transportation back to the
Space Station.

Over the first few flights, the early outpost would
Zrow to include a habitation area, a research
facility. a rover. some small machinery to move
lunar soil, and a pilot plant to demonstrate the
extraction of lunar oxygen. By 2001. a crew
could stay the entire lunar night {14 Earth days),
and by 2005 the outpost would support five
people for several weeks at a time.

Phase [H: At Home on the Moon

(2005-2010)

Phase I1I evolves direcily from Phase I1. as sci-
entific and technological capabilities allow the
outpost to expand to a permanently occupied
base. The base would have closed-loop life-
support systems and an operational lunar oxy-
gen plant. and would be involved in frontline
scientific research and technology develop-

Figure 9.
Return to the Lunar Surface:
Piloted Sortie, Expendable Lander
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ment. The program also requires the mobiliza-
tion of disciplines not previously required in the
spacenmgnm.sm{acecoastmcuonandums-
portation. mining, and materials processiag.

By 2010, up t0 30 people would be productively
living and working on the lunar surface for
moaths at a time. Lunar oxygen wiil be available
for use at the outpost and possibly for propellant
for further exploration.

Technology, Transportation,

and Orbital Facilities

This initiative envisions frequent trips to the
Moon after the year 2000 — trips that wc ld re-
quire a significant investment in technology and
in transportation and orbital facilities in the
carly 1990s.

The critical technologies for this injtiative are
those which would make human presence on the
Moon meaningful and productive. They include
life-support system technologies to create a
habitable outpost; automation and expert sys-
tems and surface power technologies to make
the outpost functional and its inhabitants pro-
ductive; and lunar mining and processing
technologies to enable the prospecting for lunar
resources.

The transportation system must be capable of
regularly transporting the elements of the lunar
outpost, the fuel for the voyage, and the lunar
crew to low-Earth orbit. This requires a heavy-
lift launch vehicle and a healthy Space >huttle
Reet. The transfer of both cargo and crew from
the Space Station to lunar orbit requires the de-
velopment of a reusable space transfer vehicle.
This and a heavy-lift iaunch vehicle will be the
workhorses cf the Lunar initiative.

The Space Station is an essential part of this in-
itiative. As the lunar outpost evolves, the Space
Station would become its operational hub in low-
Earth orbit. Supplies, equipment, and propel-
lants would be marshalled at the Station for

transit to the Moon. [t is therefore required that
the Space Station evolve to include spaceport
facilities.

In the 1990s, the Phase 1 Space Station would
be used as a technology and systems test bed for
developing closed-loop life-support svstems.
automation and robotics, and the expert systez1s
required for the lunar outpost. The outpost
would. in fact, relv on the Space Station for
many of its systems and subsystems, including
lunar habitation mudules which would be
derivatives of the Space Station habitation/
laboratory modules.

Semmary

This initiative represents a conceptual leap out-
ward from Earzh. The challenge is to tame ar.d
hamess the space frontier —to go beyond Apollo.
and explore the Moon for what it can tell us. and
what it can offer us, as a research and develoo-

. ment center and as a resource in itself. Explor-

ing, prospecting, and settling are parts of our
heritage and will most assuredly be parts of our
future.

L T
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HUMANS TO MARS

This bold initiative is committed to the human
exploration, and eventual habitation. of Mars.
Robotic exploration of the planet would be the
first phase and would include the return of sam-
ples of Martian rocks and soil. Early inthe 21g
Century, Americans would land on the surface
of Mars; within a decade of these first piloted

landings, this initiative would advance human

presence to an outpost on Mars.

Background

The Red Planet has miqued our curiosity and

- stimulated our imaginations for decades. Cur

previous exploration of Mars has revealed a fns-
cinating wotld of encrmous mountains and deep

_ canvons, and a surface etched by erosion during

ancient floods. Mars mav once have supported
life: irr anv case. it is the onlv potentially habir-
able planet in our selar svstem besides Earti.

Ameries has led the wav in humanity s explora-
tion of the worlds bevond our own planer. We
have sent spacecrall to the outer reaches of the
solar svstem. and sur emissaries have waiked on
the surface of the Moon. The Humans 1o Mars
imtiative would greatly increase qur under-
standing of the solar svstem, and would push the
frontier of human presence ever further beyond
the confines of Earth.

The United States has also led the wav in the
robotic exploration of Mars. The last visitor %0
that planet was the extremely successiul Viking
spacecrait. which landed on the Martian surfoce
in 1976. and transmited data to Earth until late
in 1982, During the coning decade. humanity
will learn more about Mars. but it will largely
be the result of ambitious Soviet. not American.
programs. Dur single mission to Mars. the Wars
Observer. to be launched in 1992, 15 a small
spacecralt which will perform an important
geochemical characterization of Mars while in
orbit around the planet. Meanwhile, the Soviets
have announced three separate missions to Mars
before 1995, and the possibility of a sample re-
turn mission in the late 1990s.

This leadership inltiative declares America's in-
tention to continue exploting Mars. and todo so
not only with spacecraft and rovers, but also
with humans. [t would clearly rekindle the na-
tional pride and prestige enjoved by the LU .5
during the Apolls era. Humans to Mars would be
a great national adventure; as such, it would re-
guire a concentraled massive national commit-
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ment —a commitment to a goal and its support-
ing science, technology. and infrastructure for
many decades.

Strategy and Scenario

This iaitiative would:

1. Carry out comprehensive robotic explo-
ration of Mars in the 1990s. The robotic
missicas would begin with the Mars
Observer, include an additional Observer
mission. and culminate in a pair of Mars
Rover/Sample Return missions. These
missions would perform geochemical
characterization of the planet, and com-
plete global mapping and support land-
ing site selection and certification.

2. Establish an aggressive Space Station
life scicnces research program to vali-
date the feasibility of long-duration
spaceflight. This program would develop
an understanding of the physiological
effects of long-duration flights, of mea-
sures to counteract those effects. and of
medical techniques and equipment for
use on such flights. An importaat result

would be the determination of whether ]

eventual Mars transport vehicles must
provide artificial gravity.

3. Design, prepare for, and perform three
fast piloted round-trip missions to Mars.
These flights would enabie the commit-
ment, by 2010, to an outpost on Mars.

The Mars missions described in this initiative
are one-year, round-trip “sprints,” with as-
tronauts exploring the Martian surface for two
weeks before returning to Earth. The chosen
scenario significantly reduces the amount of
mass which must be launched into low-Earth
orbit, and by doing so brings a one-year round
trip into the realm of feasibility. This is ac-
complished by splitting the mission into two
separate parts — a cargo vehicle and a personnel
transport —and judiciously choosing the luunch
date for each.

The Mars cargo vehicle minimizes its propellant
requirements by taking a slow, low-energy trip
to Mars. The vehicle would be assembled in low-
Earth orbit and launched for Mars well ahead of
the personne’ ‘ransport, and would carry every-
thing to be deiivered to the surface of Mars plus
the fuel required for the crew’s trip back to Earth
(Figure 10).

The personnel transport would be assembied
and fueled in low-Earth ortit, and would leave
for Mars only alter the cargo vehicle had arrived
in Mars orbit. It would carry a crew of six astro-
nauts. crew support equipment, and propellant
for the outbound poction of the trip i Figure 11).
Once in Mars orbit. it would rendez ous with the
cargo vehicle, refuel, and prepare for descent to
the surfzce. The landing party woulu spend 10
to 20 davs on the Martian surface, and then re-
rendezvous with the personnel transport for the
trip back to Earth orbit (Figure 12). Recovery
in Earth orbit would return the crew to a Space
Station rehabilitation facility (Figurc 13). The
round-trip time for this scenario is approxi-
mately one vear.
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Piloted Mars Sprint Scen:irio— Split Mission Option:
Earth-Orbital Carge Flig't Operations
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Figure 11.
Piloted Mars Sprint Scenario—Split Mission Option:
Earth-Orbital Piloted Flight Operations

The initiative proposes three of these sprint mis-
sions, the third around the year 2010. By the
second decade of the 21st Century. the U.S.
would have the knowledge, the experience, and
the technology base to begin developing an out-
post on Mars.

Technology, Transportation,
and Orbital Facilities

A significant, long-term commitment to de-
veloping several critical technologies and to
establishing the substantial transportation
capabilities and orbital facilities is essential to
the success of the Mars initiative. The Mars ex-
peditions require the development of a number
of technologies, including aerobraking (which
significantly reduces the amount of mass which
must be lifted to low-Earth orbit), efficient in-
terplanetary propulsion, automation and robot-
ics, storage and transfer of cryogenics in space,
fault-tolerant systems, and advanced medical
technology. Technology development must be
initiated immediately to support the timetable of
this scenario.

Even with separate cargo and personnel vehi-
cles, and technological advances such as aero-
braking, each of these sprint missions requires
that approximately 2.3 million pounds be lifted
to low-Earth orbit. (In comparison, the Phase 1
Space Station is projected to weigh approxi-
mately 0.5 million pounds.) It is clear that a
robust, efficient transportation system. includ-
ing a heavy-lift launch vehicle, is required. The
complement of launch vehicles must be able to
lift the cargo and personnel required by the
sprint missions to the Space Station in a reason-
able period of time. Like the outpost on the
Moon, this initiative requires a substantial in-
vestmern.t in launch systems, {or transport of both
cargo and crew.
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Piloted Mars Sprint Scenario—Split Mission Option:
Mars-Orbital/Surface Operations

The Phase 1 Space Station is a crucial part of
this initiative. In the 1990s, it must support the
critical life sciences research and medical
technique development. It will also be the
technology test bed for life-support systems, au-
tomation and robotics, and expert systems.

Furthermcre, we must develop facilities in low-
Earth orbit to store large quantities of propel-




lant, and to assemble large vehicles. The Space
Station would have to evolve in a way that would
mect these needs.

Summary

This initiative would send representatives of our
planer to Mars during the first decade of the 21st
Century. These emissaries would begin a phase
of human exploration and reconnaissance that
would eventually lead to the establishment of a

permanent human presence on another world.

A successful Mars initiative would recapture the
high ground of world space leadership and
would provide an exciting focus for creativity,
motivation, and pride of the American people.
The challenge is compelling, and it is

enormous.
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Piloted Mars Sprint Scenario—Split Mission Option:
Earth Recovery Operations

35



i 15

L

H

£
'3
L L
m
e
6

ORIZL AL

RN "y
i 5 AT w




PROGRAMMATIC ASSESSMENT

Each of the initiatives described in the previous section is a worth-
while program. Although each has something different to offer, each
falls within the framework of NASA’s vision, each builds on and extends
existing capabilities, and each elicits the reaction, “America ought to
be doing this.” In the absence of fiscal and resource constraints, the
United States would undoubtedly adopt all four. In the presence of those
very real constraints, and the additional constraints imposed by the current
state of our civilian space program, this course of action is not pussible.

In its desire to revitalize the civilian space program, NASA must avoid
the trap identified by the Rogers Commission during its investigation of
the Challenger accident: “The attitude that enabled the agency to put
men on the moon and to build the Space Shuttle will not allow it to pass

up an exciting challenge ~ even though accepting the challenge may
drain resources from the more mundane (but necessary) aspects of the
program.” The Commission fuzther observed (in reference to the Shuttle
flight rates): “NASA must establish a realistic level of expectation, then
approach it carefully.”

To establish a realistic level of expectation, NASA must coasider the cur-
rent condition of the space program, its strengths and limitations, and

its capabilities for growth. Any bold initiative has to begin with and then
build on today's space program, which unlortunately lacks some funda- -
mental capabilities. For example, our most critical commodity, Earth-to-
orbit transportation, is essential to each of the initiatives. But the Space
Shuttle is grounded until at least June of 1988, and when it does return

to flight status, the flight rate will be considerably lower than that pro-
jected before the Challenger accident (a four-Shuttle fleet is estimated

10 be capable of 12 to 14 flights per year).
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In hindsight, it is easy to recognize that it was
a crippling mistake to decree that the Space
huttle would be this country’s only launch

vehicle. Several studies since the Challenger

accident have recommended that the civilian
space pregram include expendables ir its fleet
of launcn vehicles. This strategy relieves some

of the burden from the Shuttle, gives the country

a broader. more flexible launch capability, and
makes the space program less vulnerable in the

event of an accident.

The problem of limited launch capability or
availability will be magnified during the assem-
bly and operation of the Space Station. Cur-
rently, NASA plans to use only the Space Shut-
tle to transport cargo and people to and from the
Space Station. This places a heavy demand on
the Shuttle (six to eight flights per year), but
more important. it makes the Space Station ab-
solutely dependent on the Shuttle. If Shuttle
launches should be interrupted again in the
mid-1990s. this nation must still have access to

TRANSPORTATION

NASA transportation needs for the 1990s and
beyond received considerable attention from
the task group and committees examining
agency goals and future program thrusts. The
consensus of their findings is that if the
Nation is to open a “Highway to Space.” we
must regain regular and assured access to
space and expand launch capacity based on
expendable and reusable vehicles.

“NASA shouid, on a most urgent basis, in-
itiate a program to incorporate a diversified
family of expendable launchers into its space
flight program, to include a heavy-lift ELV.
Payloads should be off-loaded from shuttle
onto ELVs wherever possible.” Report of the
Task Force on Issues of a Mixed Fleet, 1987

“The U.S. should continue to expand its
launch capacity based on a mixed fleet of ex-
pendable and reusable launch vehicles to
preclude total reliance on any one launch sys-
tern, so that the present manned and unmanned
launchers will remain operationally healthy
until the next generation of vehicles is fully
developed.” U.S. Civil Space Program: An
AIAA Assessment, 1987

REQUIREMENTS

“The use of a mixed launch fleet will allow
humans to fly when they are needed on a mis-
sion and allow unmanned vehicles to be the
carrier of choice for other missions... Diver-
sitv will also allow a better matching of the
scientific requirements of a mission with the
launch capability needed to meet those re-
quirements, rather than forcing the mission to
meet the constraints of a single inflexible
launch system.” The Crisis in Space and
Earth Science, 1986

“The shuttle {leet will become ovsolescent by
the turn of the century. Reliable, economical
launch vehicles will be needed to provide
flexible, routine access to orbit for cargo and
passengers at reduced costs ... to reduce
space operation costs as soon as possible. the
Cr amission recommends that three major
space transport needs be met in the next
15 years: cargo transport to low Earth
orbit; passenger transport to and from low
Earth orbit; and round-trip transfer beyond
low Earth orbit.” Pioneering the Space
Frontier, 1986
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space and the means to transport cargo and
people to and from the Space Station. The im-
portance of this capability was emphasized by
the National Commission on Space in its report,
Pioneering the Space Frontier: “Above all, itis
imperative that the US maintain a continuous
ability to put toth humans and cargo into
orbit.”

From now until the mia-1990s, Earth-to-
orbit transportation is NASA’s most press-
ing problem. A space program that can’t get to
orbit has all the effectiveness of a navy that can’t
get to the sea. America must develop a cadre of
launch vehicles that can first meet the near-term
commitments of the civiliar space program and
then grow to support projected programs or in-

itiatives.

Expendable launch vehicles should be provided
for payloads which are not unique to the Space
Shuttle - this is required just to implement current
plans and to satisfy fundamental requirements.

A Shuttle-derived cargo vehicle should be de-
veloped immediately. A Shuttle-derived vehicle
is attractive because of its lift capacity, its
synergism with the Space Transportation Sys-
tem, and its potential to be available for service
in the early 1990s. This cargo vehicle would re-
duce the payload requirements on the Shuttle for
Space Station support and would accelerate the
Space Sttion assembl; sequence.

Th: - nited States should also seriously consider
the udvisability of a crew-rated expendable to
lift a crew capsulc or a logistics capsule to the
Space Station. The logistics vehicle, for Space
Station resupply and/or instrument return,
would be developed with autodocking and pre-
cision reentry capabilities. The crew capsule
would carry only crew members and supplies,
would launch (with or witiout a crew) on the ex-
pendable vehicle, would have autodocking capa-
bility, and might also be used for crew rescue.

TECHNOLOGY

Rebuilding the Nation’s technology base is
essential for the successful achievement of
any long-term space goal. It is widely agreed

that we are living off the interest of the Apollo
era technology investment. and that it is time
to replenish our technology reservoir in order
to enhance our range of technical options.

*The Nation has allowed its technology base
to erode, leaving it with little capability to
move out in new directions should the need
arise.” Letter from Daniel J. Fink (Chairman,
NASA Advisory Council) to James Fietcher,
dated August 14, 1986

“Space lechnology advancement underlies
any comprehensive future space activity. The
present course is a status-quo caretaker path
with no potential growth. New commitments
are called for in key technologies such as
propulsion, automation and robotics, flight
computers, information systems, sensors,
power generation, materials, structures. life
support systems, and space processing. We
support the recommendation by the National
Commission on Space for a three-fold in-
crease in this relatively low-budget but ex-
tremely important area of space technology
advancement, especially in view of strong
foreign commitments to such technology de-
velopment.” U.S. Civil Space Program: An
AlAA Assessment, 1987

“Research must be pursued on a broad front,
to identify and quantify technical possibili-
ties before their usefulness can be judged.
Such a research and technology program is
therefore properly conceived as opportunity
generating, not directed toward applica-
tions.” Pioneering the Space Frontier, 1986
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These transportation capabilities are required
justto luunch, assemble, oporate, and sulely in-
habit the Space Station, and 1o have some pros-
pect of being able to support future iniatives.

Withovt sound, reliable Earth-to-orbit transper-
tation available to lift sensors, spacecrait,
scientists, and explorers to orbit, we will not be
in u position to uggressively pursue either science
or exploration. We have statcd that transporta-
tion is not nur goal — but it is essential to the suc-
cessful pursuit of whatever goals we choose. If
we do not make a commitment now to rebuild
and broaden our launch capability, we will not
have the option of pursuin. anv ol the four in-
itiatives doscribed in the previous section.

The same can be said for advanced iechnology.
The National Commission on Space observed
that “NASA is still living on the investment
made [during the Apolio era], but cannot con-
tinue to do so if we are to maintain United States
leadership in space.” Several recént studies
concur, concluding that our technology base has

Technologies explored by Project Pathfinder,

———

croded and technological research and develup-
ment are underfunded. The technology required
for bold ventures bevond Earth's orhit hus not ver
been developed, and until itis, human exploration
of the inner solar system will have 1o wait.

Project Pathfinder hus Leen developed by
NASA's Office of Aeronautics and Space
Technology in conjunction with experts on the
Lunar and Mars initiatives. Pathlinder woyld
provide the technologies to enable bold missions
beyond Earth’s orbit: technology for amtonomous
systems and robetics, for lunar and plunctary
advanced propulsion systems, and for extraction
of useful materials from lunar or planetary
sources. [t also deals in asignificant way with
the hiiman ability to live and work in space, by
developing technologies for life-support svstemrs
and the human/machine interface. Until ad-
vanced technology progr. s like Project
Pathiinder are initiated. the exciting s of
human exploration will always remain 101020
years in the future. ‘

Life sciences research is also critical to any pro-
grams involving relatively long periods of
human habitation irn space, Because the focus
of aur life sciences research for the last several
vears has been on Space Shuttle flights, which
only lust for five to ten days. there has been no
immediate need for a program to study the
phvsiological problems associated with longer
flights. Without an understanding of the long-
term effects of weightlessness on the human
body, our goal of human exploration of the solar
system is severely constrained.

Before astronauts are sent into space for long
periods, research must be done to unc »rstand
the physiological effects of the microgravity and
radiation environments. to develop measuresto
counteract any adverse effects, and to develop
medical techniques to perform routine and
emergency health care aboard spacecraft.

Project Pacer, developed by NASA’s Office of
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Space Science and Applications, is a focused
program desigred to develop that understanding
and provide the physiological and medical
foundation for extended spaceflight. This re-
search would be conducted in laboratories and
oa Space Shuttle missions in preparation for the
critical long-term experiments to be conducted
o1 the S,.ace Station.

Uautii the Space Station is occupied, and actual

long-duration testing is begun, we will lack the
knowledge necessary to design 2nd conduct
piloted interplanetary flights or to inhabit (uwer-
gravity surface bases. Although the research
conducted prior to the occupaticn of Space Sta-
tion canzot provide definitive answers to several
key questions, it is an essential precursor to the
research and technology development on the
Space Station.

H

The prospect of 2n extended human presence
in space on the Space Station and later on ex-
tended missions to the Moon or Mars requires
a commitment to better understand and re-
spond to biomedical, psychological, and
kuman engineering challenges. Although
there is great confidence that we will eventu-
ally establish a presence on other bodies in
the solar system, there remains uncertainty in
the medical community about the implica-
tions of such journeys for human health,
safety, and productivity. A number of recent
studies aiighlight concemns and identify areas
requiriny ~dditional research.

“Space medicine is unique in the context of
the other space sciences — primarily because,
in addition to questions of fundamerutal in-
terest, there is a need to address those issues
that are more of a clinical or human health
and safety nature ... if this country is commit-
ted to a future of humans in space, particu-
larly for long periods of time, it is essential
that the vast number of uncertainties about
the effects of microgravity on humans and
other living organisms be recognized and vig-
orously addressed. Not to do so would be im-
prudent at best — qutie possibly, irrespcasi-
ble.” A Strategy for Space Biology and Med-
wcal Science, 1987

LIFE SCIENCES RESEARCH

“Many crucial issues in the three major areas
of health, life support, and operational
capabilities remain to be resolved before the
safety of humans working in space over
months and years can be assured. Certain as-
pects of physiolog'cal adaptation to micro-
gravity may be life-threatening, especially
over the long-term ... Areas such as medical
care, radiation protection, environmental
maintenance, and human productivity are
equally serious, but the research and de-
velopment activities associated with these
areas have at least begun on a modest scale.
To neglect any of these areas could prove
risky, and parallel research activities are re-
commended.” Advanced Missions with Hu-
mans in Space, 1987

“Of parimount practical importance are
human safety and performance. Long-dura-
tion flights on the Space Station will increase
our understanding of the effects of the space
environment on people and other living sys-
tems. Problems of bone demineralization and
loss of muscle mass persist, and eflective em-
pirical solutions are unlikely to be found soon |
... Itis imperative that basic research on this
problem continue, both on the ground and in
space.” Pioneering the Snace Frontier, 1986
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Both technology development and life
sciences research are pacing elements in
hwinan exploration.

The four initiatives represent widely varving
levels of complexity and commitment. As part
of the deve!spmeaut and evaluation of the initia-
lives, an assessment was performed to estimate
their relative complexities and therefore their
relative impacts on the agency and its resources.
The initiatives, and results from related studies.
were reviewed to identify the required technol-
ogy. transportation, on-orbit facilities, and
precu.sor science. This assessment vielded the
elements comprising each initiative — the build-
ing blocks of that initiative.

The assessment sought to define the initiatives
to a reasonable level of detail through 2010. At
this time, the initiatives would be in different
stages of development. All Earth observing plat-
forms would be in space with their observing
systems operating; they would be serviced
peniodically, and would continue to transmit
data to Earth for years. The final mission of the
Planetary initiative would be complete: this in-
itiative is not defined past 2010. The Lunar out-
post would be well established. with me«i <:r-
face elements developed and delivereq; it would
rece ‘ve continuing logistics support, but would
be somewhat self sustaining, and have consid-
crable potential for growth and for support of
further exploration activiiies. In 2010, the na-
tion’s Mars program would have just finished its
numan reconnaissance phase, and would be

prepared to embark on the establishment of an
outpost.

To provide a common starting point for each in-
itiative, this analysis assumed the currently
planned NASA space prog: 'm as a foundation.
That is, each initiative must be built from the
foundation of a fleet cf four Space Shuttles and

a Phase 1 Space Station; everything else that
would have to be added to accomplish the initia-
tive, including additional Space Station mod-

ules, new transportation elements. unscheduled

precursor science missions, etc. ., was assumed
to be part of that initiative.

Some of the elements of each initiative would be
developed solely for that initiative: many others
could be common to other intitiatives as well.
An example of the former is the lunar oxvgen
plant designed to extract oxvgen from the lunar
soil. Although similar technologies might even-
tually be needed at a Mars outpost, the element
itself exists only in the Lunar initative. An
example of an element which could be common
to several programs is the space transfer vehicle
of the Earth initiative. Although it would lift
geostationary platforms from the Space Station
to their final orbit, this vehicle cuuld also be
used to deliver other cargo (unrelated to the

Earth initiative) to geosvnchronous orbit. or it

could be the basis of « lunar transfer vehicle.
Each initiative has elements which cculd be
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common to other programs, as well us inihative-
specific elements.

An overview of the transportation elements re-

quired for the initiutives is shown in Table 1.

The Earth and Planetary initiatives make the
most modest demands on transpertation, in
terms of both essential new capabilities and fre-

quency of use. But each of the initiatives re-
quires an Earth-to-orbit transportation svstem
comprised of more than just a Space Shuttle

fleet.

A heuvv-lift launch vehicle is either enubling.
or significantly enhancing, to all the initiatives.
A Shuttle-derived vehicle would have suificient

The Phase 1 Space Station will be a perma-
nently staffed “laboratory in space” by 1996,
Other capabilities, such as an assembly sta-
tivn or a fueling depot. will not be included
in the initial phase, but could be accommo-
dated later if a need for those functions is
clearly identified.

A kev question tor the not-too-distant future
is “How should the Space Station evelve?”
Since the Space Station is 1 means to pursue
our goals, the answer depends on what those
goals are. [t is important to understand what
each initiative demands of the Space Statior.
Forexample, the Planetary initiative makes
few demands on the Space Station: the Mars
initiative makes substantial demands.

NASA's Office of Space Station has setupa
Strategic Plans and Programs Division whose
charter is to understand how the Space Station
would be required to evolve under a variety
of scenarios for the future, and what provi-
sions must be made in the design of the Phase
1 Space Station 1o ensure that the evolution

is possible.

Space Station evolution workshops, held in
September 1985 and July 1986, laid the
foundation for understanding how to accom-
muodate a variety of users whose requirements
may vt be compatible. These workshops rec-

SPACE STATION EVOLUTION

Artist’s conception of the Phase | Space Sation.

egnized., for example, that a laboratory in
space, featuring long-term access to the
microgravily environment, might not be com-
patible with an operational assembly and
checkout facility, as construction operations
could disturb the scientific environment.

Space Station evolution planning will include
an assessment of the implications of each of
the four initiatives. It is important to have
specific scenartos, with a level of technical
definition behind them, to serve as a busis for
these assessments. It is also important that
results from these assessments feed back into
he initiative scenarios. This iterative ap-
prouach is required to estublish reasonable
evolution scenarios and initiatives that ars
compatible with the proposed evolution.
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capacity for the Earth and Planetary initiatives.
It would also satisfv the requirements of the
Mars and Lunar initiatives through the 1990s.
although shortlv after the tum of the century
both would need a vehicle with a lift capacity of
150.000 to 200.000 pounds. This higher lift
capacity is needed primarily to supply the large
amounts of propellant required for each initia-
tive (about 2.2 million pounds to low-Earth orbit
for each Mars sprint mission: 200,000 pounds
to low-Earth orbit for each lunar trek).

The Lunar and Mars initiatives also have a crit-
ical need for the capabulity to transport person-
nel to and from the Space Station. This need
could be filled by a personnel modue added to
the Shuttle. or by some other personnel carrier.
The additional crew members would perform on-
orbit assembly of the cargo and crew vehicles.
Although there is currently no good estimate of
the size of the crew required to assemble and test
avehicle in orbit. it is likely that the Lunar in-
itiative, if it develops as projected in Phase III.
would require more than 30 people in low-Earth
orbit by the year 2010. It builds to this peak
gradually, though. and the early assembly re-
quirements (2000 to 2005) can be phased in
slowly.

All the initiatives have other needs as well. The
Planetary initiative’s needs are limited to ex-
pendable stages. and possibly an Orbital Man-
euvering Vehicle for the recovery of a returned
Mars sample. The Earth initiative makes more
substantial use of Earth-orbital transportation.
including a transfer vehicle to lift fully assem-
bled observing platforms from the Space Station
to geosynchronous orbit, and sophisticated Or-
bital Maneuvering Vehicles to aid in platform
servicing. The Lunar and Mars initiatives are
more demanding. Both are likely to require Or-
bital Maneuvering Vehicles to transport person-
nel from the Space Station to orbital assembly
sites. Most significant. both require substantial
space transfer vehicles to transport crews from

low-Earth urbit to either the Moon or Mars, Al-
though the lunar transfer vehicle could be a de-
rivative of a transfer vehicle to geosvnchronous
orbit (or vice versal. at this time it appears that
the Mars transfer vehicle will demand a different
design.

The orbital facilities required for each initiative
are shown in Table 2. The Planetary initiative
has limited requirements in this area; the other
three have extensive needs that begin with the
Phase 1 Space Station. The Phase 1 Space Sta-
tion includes polar platforms and attached
pavioads for the Earth initiative; it serves as a
technology and systems test bed for the Lunar
initiative: and it will be a crucial laboratory for
life sciences research and technology develop-
ment for the Mars initiative.
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All the initiatives require that the Space Station
evolvc udditional capabilities. but the needs of
the Planetary initiative (a sample return module)
and the Earth initiative (servicing capability,
operation of a space transfer vehicle! are rela-
tively modest. The Lunar initiative requires
gradual evolution to support the assembly, ser-
vicing, and checkout of lunar trarsfer vehicles.
This requires more people in orbit tand therefore
more Space Station modules and logistics traf-
fic), spaceport facilities. and a propellant depot.
The Mars initiative also relies on those
spaceport facilities and additional crew accom-
modations, and although it will not occur quite
as soon as in the Lunar initiative. the assembly
of the large Mars cargo and piloted vehicles will
be a significant task.

The Lunar initiative includes significant surface
facilities such as habitation modules. laboratory
modules, and an oxygen plant: the Mars initia-
tive looks toward an eventual outpost (after
2015), but while similar surface facilities would
be necessary at that time, they have not been in-
cluded in the assessment to 2010. The Lunar
and Mars initiatives both require landers, as-
cent vehicles, and rovers. These would most
likely use some common technologies and sub-
systems, but they would not be identical.

The initiatives also require investments in
technology development, and investments in in-
stitutional and human resources. This support
early in the life of an initiative is vital to its suc-
cess. The level of investment required is di-
rectly proportional to the magnitude and com-
plexity of the initiative. The Earth and Planetary
initiatives would be expected to have relatively
modest needs; the Lunar and Mars initiatives
would demand substantial technology develop-
ment programs, and significant increases in
highly skilled personnel and institutional
facilities. The need for a dedicated, enthusias-
tic, and technically competent workforce must
not be minimized; the Lunar and Mars initia-

tives would b »th require a significant increase
in human re: ources.

The current level of definition of the initiatives,
particularly the Lunar and Mars iritiatives. is
not adequate to reasonably estimate their costs.
But while it was not appropriate to attempt to de-
termine the absolute level of resources required
by each, it was reasonable to estimate the rela-
tive levels through 2010. For each initiative.
after the elements not included in current NASA
plans were identificd, the mass and size of each
were estimated in order to determine the trans-
portation requirements for that initiative. There
was no attempt. at this early stage. to optimize
the transportation system.

Figure 14 compares the resources required by
the four initiatives during the next five vears. It
is important to understand the level of effort
needed to support a new initiative during this
period. since -he country will also be relving on
the civilian sp: ce program to return the Shuttle
to flight, to reiavigorate its transportation sys-
tem, and to continue serious preparations for the
Space Station.

The Lunar. Earth, and Planetary initiatives
would take about the same level of investment
through 1992. The investment in the Lunar in-
itiative would be primarily in technology and in
early transportation development; in the Earth
initiative, it would be largely in the development
of the polar platforms, data handling system.
and transportation; in the Planetary initiative, it
would be primarily in technology. and in ready-
ingthe Comet Rendezrous Asteroid Fivhy mis-

sion for a 1993 launch.

The Mars initiative requires the largest commit-
ment in the early vears. This would be primarily
an ir.vestment in transportation elements and in
life science related additions to the Space Sta-

tion. Transportation and Space Station use have
not been optimized, so some reduction might be
possible. The me<zage, however, would not
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change: the country would have to make a major
investment in the next five years to land people
on Mars in 2005.

The complexity of both the Lunar and Mars in-
itiatives in the yvear 2000 demands technology
developments early in the program. Thus,
through 1992 the majority of the Lunar initia-
tive, and a significant portion of the Mars initia-
tive. would be comprised of those technology ac-
tivities which lay *'.e groundwork for the initia-
tive. Like early work in transportation. there is
considerable synergism in the early technology
requirements of these two initiatives.

Figure 15 compares the initiatives through
2010. The Lunar and Mars initiatives are nearly
an order of magnitude greater in programmatic
scope than the Planetary and Earth initiatives.
The levels of investment in the Earth and Plan-

etary iniiiatives peak in the early-to-mid-1990s.
and then decrease to levels which remain fairly
constant through the first decade of the next cen-
tury. The Lunar initiative does not require ex-
traordinary resources through 1992, but the
commitment builds substantially in the mid-
1990s. It peaks in about 2000, at the time of this
initiative's first human landing. and stays high
through 2010 as the outpost is developed into a
permanent base. The total level of effort through
2010 is large, and reflects the ambitious ap-
proach to the construction of the lunar base.
However, the nature of this initiative allows con-
siderable flexibility. For example. the outpost
materials could be delivered to the surface
rapidly or at a more deliberate pace: certain
capabilities of the outpost could be emphasized
and developed before others: or the transition
from a temporarily occupied outpost to a large
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Resources Required by Initiatives through 1992

Figure 15.
Resources Required by Initiatives through 2010
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permanently staffed base could be delayed. Any
of these options would significantly reduce the
investment through 2010.

Although the Mars initiativ e offers the greatest
amount of human and technological drama. it
also demands the greatest investment. The Mars
iitiative definition included only those ele-
ments required for the three sprint missions, the
tast in 2010, so the level of investment shown

is artificially low between 2005 and 2010. The
magnitude of the initative indicates a large
commitment of resources. and the timescale
dictates that the investment peak in about 2000.

ltis pussible to reduce the carly investment to

a .evel comparable w that of the other three
inttiatives by allowing the first human landing
tooccur in 2010, rather than in 2005. The 2005
tanding was selected at the vutset o achieve the
major milestone within two decades. but this
analysis suggests that this ground rule may not
be appropriate for the Mans initiative.







EVALUATION OF INITIATIVES

To this point, we have been considering four specific initiatives. each
of which would. if adopted, provide leadership in a particular area
of space endeavor. Now it is important to differentiate between an
initiative and a strategy. A strategy provides an overall framework and
direction; it identifies and prioritizes goals. and defines a course to attain
them. An initiative should be an element of a strategy: a part. but only

a part. of the larger picture. Initiatives would. of course. be best judged
in the context of a strategy.

A process to define and evaluate candidate strategies for the civilian
space program is being developed at NASA. This process will seek to
identify possible strategies, then assess the likelihood of success and
possible implicativns of each. They will be evaluated in relation to the
existing and projected environment, and to the various conditions which
may influence their success, such as:

® NASA's strengths, its weaknesses, and its culture

® External threats to U.S. leadership

® Opportunities to exercise leadership

® Optitnistic and pessimistic scenarios of uncontrollable factors
which influence NASA and its ability to carry out its charter

® The existing U.S. space policy

A successful Mars Rover/Sample Return mission blasts off, carrying its
cargo of Martian samples back to Earth.
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As potential strategies are modified in light of
these factors, the result should be aset ol two

or three distinet. viable strategies whose
resource requirements. threats to success. and
implications to NASA and the nation are well
defined and understood. Although this process
is being developed at NASA, itis not NASA's
role to determine the overall strategy for the
nation’s civilian space program: that must be o
national decision. NASA should. however. be
prepared to present viable options. The poten-
tial benefit of this process 1s evident. It can re-
sult in a cohesive strategy that is consistent with
national goals. is based on a realistic appraisal
of NASA's strengths and weaknesses and the na-
tion’s willingness to pursue it. and is resilient
to changes in the international environment.

Ideally. of course. a strategy would already be
in place. Then each initiative could be judged
in light of its comnatibility with the overall plan.

While stressing the need for a comprehensive
strategy. we can nevertheless conduct a prelimi-
narv assessment of the initiatives. recognizing
that the important considerations are the quality
of the program. NASA’s ability to carrv it out.
and the public’s willingness to support it. In the
process of this evaluation. we can see the ele-
ments o; a potential strategy begin to emerge.

Exploration of
the Solar System

In the 1960s and 1970s. planetary exploration
was a vital and important component of the
United States space program. However. while
other nations are now vigorously pursuing solar
svstem exploration, the U.S. has launched no
planetary missions since 1978.

What does the next decade hold in store? The:
Soviets have announced their intent to launch
three ambitious flights to Mars by 1995, and a
Mars sample return mission by 2000. [f they are
successful with their new-generation space-
craft. and can continue to forge cooperative ag-
reements with European nations. they will
clearly have the greater momentum in the cx-
ploration of Mars by the mid-1990s.

The Chairman of the NASA Advisory Council’s
Solar System Exploration Committee has ex-
pressed his cuncern about more than the explo-
ration of Mars: “If we do not continue to carry
out these challenging missions to the outer plan-
ets and comets and asteroids, we will quickly
lose tne limited momentum still remaining .”

The Solar System Exploration Committee h. s
devised a strategy for planetary exploration
through the vear 2000. which presented “th
minimum-level program that could be carried
out in a cost-ellective manner. and would vield
continuing return of scientific results.” NASA
should embrace this Core Program.

The Wars Rover/Sample Return mission is the
centerpiece of the Solar System Exploration
Committee’s recommended augmentation to its
Core Program. This is a mission of bold scien-
tific exploration and high technological drama,
and a necessary precursor to the human explo-
ration of Mars. The option {or a 1998 launch (two
years later than the 1996 date proposed in the
initiative) should be preserved.

50



Although the Murs Ro er/Sampic Return was
presented as @ U.S. mis sion in this initiative. it
could be performed in cooperation with our ai-
lics and/or in cvordination with the Sovict
Union. In fact, planetary exploration is well
suited to international covperation. The U.5.
could benefit significantly by coordinating its
Mars Observer with the three sophisticated
Soviel missions to be launched for Mars over the
next seven vears. Coordination of these carly
flights. and exchange of resuling data. would
leave the U.S. belter prepared to undertake a
Mars RoveriSample Return mission, whether in
courdination with the Soviets or alone.

Plunetary exploration need not be NASA's pri-
mary focus. but it offers opportunities to exer-
cise leadership in the international arena
through organizing and participating in coali-
tions to achieve objectives which are consistent
with U.S. goals. and it can provide important
precursor information for either of the larger
human exploration initiatives.

Robotic planetary exploration should be actively
supported anid nurtured within NASA. Although
it does not have the immediate relevance of the
Mission to Planet Earth, or the excitement of
human exploration. it is fundumental science that
chalienges our technology. extends our presence,
and gi ses us a glimpse of other worlds. As such,

it enjovs widespread public interest cnid suppont.
Althui:gh not necessarily at the puc suggested in
this initiative, planetary exploration must be sol-
idly supported through the 1990s.

Mission to Planet Earth

Mission to Planet Earth is not the sort of major pro-
gram the public normally associates with an
agency famous for Apollo, Viking, and Voyager.
But this initiative is a great one. not because it
offers tremendous excitement and adventure. but
because of its fundamental importance to human-
ity’s [uture on this planet.

This initiative directly addresses the problems
that will be facing humanity in the coming
decades, and its continuous scientific return will
produce results which are of major significance o
all the residents of the planet. The benefits are
clear to a public that is increasingly concerned
about global environmental problems like vzone
depletion. buildup of greenhuuse gases. and
acidification of lakes and forests. Ana as the
environment and its preservation become more
pressing issues. the initiative retains its impor-
tance for many generations to come.

For this reason it should enjoy sustained public
and Congressional support and interest. The L.,
is the valy country currently capable of leading

a Missioi to Planet Earth, but the program is
designed around. and requires, international
couperation. Admittedly, the initiative’s interna-
tional scope could complicate its coordination and
implementation. but the concept embodied in the
initiative enjoys widespread international sup-
port. As more and more countries are facing
ecological problems. there is increasing interest in
a global approach. In fact, this concept 1s sup-
poried by several intermational organizations, and
may emerge as a theme for the Intemational Space
Year. 1992. This initiative represents an impor-
tant opportunity for the United States to exercise
leadership in an increasingly significant area.

As the Earth System Sciences Committee
suggests, NASA is a natural leader for a Mission
to Planet Earth. The National Science Foundation
and the National Oceanic and Atunospheric Ad-
ministration will play important roles, and intera-
gency coordination is crucial. But since the major
focus is on observations from space and the coor-
dination and analysis of these (and ground-based)
observations, NASA is uniquely suited to lead the
effort. Itis a natural use for, and extension of, our
low-Earth orbital facilities and capabilities, and
would not severely drain resources from existing
programs. This is an initiative well within NASA's
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capabilities, and could be carried out with our
traditional commitment to excellence.

Should NASA do it? Virtually evervone exposed
to this initiative recognized its fundamental im-
portance. and agreed that “whatever we do. we
have to do this™: but some {elt it may not be bold
and visionary enough to stimulate the increased
funding necessarv. The National Commission
on Space conducted numerous public sessions
on the space program. and solicited and re-
ceived comments from a wide cross-section of
Americans. The Commission’s report lists a
series of points “brought forward repeatedly™ in
those public sessions. One uf these was the con-
cern that “any new push into space must supple-
ment living on Earth.... Don’t abandon our
home planet!™

Plans are alreadv under wav within NASA to
undertake a subset of this program. The Earth
Observing Svstem, which consists of two NASA
polar platforms, is being coordinated with the
corresponding activities of the European Space
Agency and Japan. The first NASA platform is
part of the Phase 1 Space Station. The second
platform. the instruments. and the payloads
remain unapproved. And although the Earth
Observing Svstem would represent a major start.
it 1s not sufficient to fulfili all the objectives of
this initiative. Critical activities for the
immediate future include the coordination of
Federal agencies, and the strengthening of
international agreements to facilitate the coordi-
nation of this international effort.

NASA should embrace Mission to Planet Earth.
This initiative is responsive. time-critical, and
shows a recognition of our responsibility to our
home planet. Do we dare apply our capabilities
to explore the mysteries of other worlds, and not
also apply those capabilities to explore and un-
derstand the mysteries of our own world — mys-
teries which may have important implicadions
for our future on this planet?

Humans to Mars

Exploring, prospecting, and settling Mars are
clexrly the ultimate goals of the next several
decades of human exploration. But what strat-
egy should be followed 1o attain those goals?

Any expedition to Mars is a huge undertaking.
which requires a commitment of resources
which must be sustained over decades. This
task group has examined only une possibie
scenario for a Mars initiative — a scenario
designed to land humans on Mars by 2005, This
timescale requires an early and significant
investment in technology: it also demands a
heavy-lift launch vehicle. a larger Shuttle fleet.
and a transportation depot at the Space Station
near the turn of the century. This would require
an immediate commitment of resources and an
approximate tripling of NASA's budget during
the mid-1990s.

More important. NASA would be hard pressed
to carry the weight of this ambitious initiative in
the 1990s without severely taxing existing prc-
grams. NASA's available resources were
strained to the limit flving nine Shuttle flights
in one vear. [t will be difficult to achieve the op-
erations capaci*s to launch and control 12to 14
Shuttle flights per vear. and assemble. test. and
continuously operate a Space Staiion in the mid-
1990s. [t would not be wise to embark on an am-
bitious program whose requirements could over-
whelm those of the Shuttle and Space Station
during the critical next decade.

This suggests that we should revise the ground
rules and cousider other approaches to human
exploration of Mars. One alternative is to retzin
the scenario developed here, but to proceed at
amore deliberate (but still aggressive) pace. and
allow the first human landing to occur in 2010,
This spreads the investment over a longer
period, and though it also delays the significant
milestones and extends the length of commit-
ment, it greatly reduces the urgency for Space
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Station evolution and growth, and consequently
for transportation capabilitics as well.

We must pursue a more deliberate program; this
implies that we should avoid a “race to Mars.”
There is the very real danger that if the U.S. an-
nounces & human Mars initiative at this time, it
could escalate into another space race. Whether
such a race was real or perceived, there would
be constant pressure to set a timetable, o accel-
erate it if pussible. and to avoid fulling behind.
Schedule pressures, as the Rogers Commission
noted. can have a very real. adverse effect. The
pressure could make it difficult to design and

itnplement a program which would have a =trong
foundation and adequate momentum to sustain
itsell bevond the first few piloted missions. This
could turn an initiative that envisions the even-
tual development of a habitable outpost into
another one-shot spectacular. Such a dead-end
venture does not have the support of most NASA
personnel. Neither, according to the National
Commission on Space, does it have the support
of the public. A “theme brought forward re-
peatedly” in the Commission’s extensive public
sessions was “a strong wish that ~ur next goal
for piloted space activity not be another Apollo
— a one-shot foray or a political stunt.”

During the majority of this work, there was no
focal point within NASA for studies on human
exploration. Recognizing this deficiency, and
adopting unc of the early recommendations of
this study, the NASA Administrator has es-
tablished the Office of Exploration to {und,
direct, and coordinate studies related to
human exploration.

Both of the human exploration initiatives de-
scribed in this work were generated in a work-
shop or task force environment. The three to
four months devoted to their formulation were
adequate only to develop the starting point for
in-depth studies. The Office of Exploration
will be responsible for coordinated mission
studies to develop these and other scenarios,
lo ussess mission concepts and schedules,
and to study trade-offs in requirements,
technology, transportation, and fucilities
utilization. Advanced technology and trans-

THE -OFFICE OF EXPLORATION

portation requirements cannot be develuped
in a vacuum. These mission studies will pro-
vide a context for planning technology and
transportation development and Space Sta-
tion evolution (and studies in these areas will,
of course, feed back into the mission
scenarius). ’

The establishment of the Office of Explora-
tion was an important step. Adequate support
of the Office will be equally important, and
will be an indication of the commitment to
long-term human exploration. There is some
concern among observers that the Office was
created only to placate critics, not to provide
a serious focus for human exploraiion.
Studies relating to human exploration of the
Moon or Mars currently command only about
.03 percent of NASA's budget (appruximately
1 dollar out of 3000); this is not enough.
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The scenario described in this report is a
rational. sustained program, leading to an vut-
post and eventual permanent buse on Mars, But
there is some lear that it s susceptible to trans-
formation into a stunt. Thiz could mortgage the
vinble spuce program we bope to have in the
1990s for a “spectacular.” which may have fen
lusting benefits.

Settling Mars should be vur eventual goal. but

i should not be our next goal. Sending people
to und from Mars is not the only issue involved.
Understanding the requirements and implica-
tivns of building and sustaining a permanent
buse on another world is equally important. We
should adopt a strategy of natural progression
which leads. step by step. inan orderlv. unhur-
ried way, inexerably toward Mars.

Outpost on the Moon

The Lunar initiative is a logical partof a long-
range strategy lor human exploration. The Na-
tional Comniission on Space recommended that
tye U.3. follow a “natural progression for future
* yiee uctivities within the solar svstem.” and
coneluded that the natural progression of human
exploration leads next 1o the Moon.

The establishment of 3 lunar oulpest would be

a significant step outward from Earth - a step
that combines adventure. science. technology.
and perhaps the seeds ol enterprise. Exploring
and prospecting the Moon. learning to use lunar
resources and work within lunar constraints,
would provide the experience and expertise
necessary for further human exploration of the
solar svstem,

The Lusar initiative is a major undertaking.
Like the Mars initiative, it requires a national
commitment that spans decades, I, too, de-
mands an carly investment in advanced technol-
ogv, Earth-to-orbit transportation. and a plan for

Space Station evolution. Even considering its
gradual evelution over the [irst five vears. the
ambitious puildup of the lunar outpost e
visiuned n this scenario would require a high
level of eifort in the mid-to-late 1990s, and
would place substantial demands on transporta-
tton and orbital Gucilities, This is a pertod when
resources may be scarce.

However. this initiative is quite flexibile,

[ts puce can be controlled. and more im-
nortant, adapted to capability. It is possible to
i« the foundation of the outpost in the vear
2000, then build it gradually. to ease the burden
on transportation and Space Station at the turn
of the centurv.

The Lunar initiative is designed to be evolution-
arv. not revolutionary. Relving on the Space
Station for systems and subsystems, foropera-
tions experience, and for technology develop-
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ateut and testing. it builds on und gradually ex-
teuds existing eapabilities. Many of the sy stems
needed for reaching outwand v Mars could be
developed and proven in the course of work in
the Earth-Mocn region. It is not absolutely
necessary te establish this stepping stone. L
tteertainly makes sense 1o gain = perience. ex-
pertize. and confidencs qearver Earth first. and
then t set et for Mars,

Tl study id not include an assessmat of the
ievel of public suppoit for these initiatives.
Huwever, there is considerable sentimen: that
Ape Hlo was a dead-end venture. and we lave lit-
tie lefl to show for it. Although this task force
found some who dismissed this initiative be-
cause “we ve been to the Moon.™ it found many

more who feel that this gencration should con-
tinue the work besun by Apolfc.

Although explorers buve reached the Muoon. the
Moon has aotbeen (ully explored. This initiative
would push back fruntiers, not o achieve 3 bluze
of glory. but tw explore. 1o understand. to leam.
and to develp: it would place the Apollo Pro-
gram into a broaw'sr context of centinuing ex-
ploration. spanning several generations of
Americans. And it fits beautifully into a natural

rogression of human xpansion that leals
“from the highlands of the Moon to the plains of
Mars.”
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CONCLUSION

ver the last 25 vears, as a result of the success of programs like

Apollo. Skylab, Viking, Vovager. and the Space Shuttle. the Amer-
ican public has come tu expect this country to lead the world in space
science. space exploration. and space enterprise. But during the 1980s,
membership in the once-exclusive club of spacefaring nations has grown.
and our leadership is being challenged in many areas.

In today’s wodd. America clearly cannot be the leader in all space en-
deavors. But we will be the leader in very few unless we move promptly
to develop a strategy to regain and retain leadership in those areas we
deem important.

Leadership results frum both the capabilities a country has acquired und
the active demonstration of those capabilities. Thus. the strategy we
choose must lay a strong foundation of scientific research and technology
development. and must include visible. signilicant accomplishments
that demonstrate the successful pursuit of our stated goals.

To stimulate a discussion of the future of the L. 3. civilian space program.
four potential leadership initiatives were developed. Each fits comfort-
ably under the umbrella of NASA's charter. each contains visible mile-
stones within the next two decades. and each requires a solid foundation
of technology, transportation, and vebital facilities.

It would not be good strategy. good science, or guod pulicy for the L. 5.

to select a single initiative, then pursue it single-mindedly. The pursuit
of asingle initiative to the exclusion of all others results in leadecship

in only a limited runge of space endeavor.

A strategy for the U.S. space program must be carefully selected to be
consistent with our national aspirations and consistent with NASA's
capabilities. It is not NASA’s role to determine the strategy for the civil-
ian space program. But it is NASA’s rvle 1o lead the debate, 1o propose
technically feasible options, and to make thoughtful recommendations.




[L is in this spirit that we suggest the outline of
one strategy — a strategy of evolution and natu-
ral progression. The strategy would begin by in-
creasing our capabilities in transportation and
technology — not as guils in themselves, but as
the necessary means to achieve cur goals in sci-
ence and exploration. The most eritical and im-
mediate needs are related to advanced transpor-
tation svstems to supplement and complement
the Spuce Shuttle, and advanced technology to
enable the bold missions of the next century.
Until we can get people and cargo to and from
orbit reliably and efficiently. our reach will ex-
ceed our grasp: uitil we begin the technologies
propused by Project Pathfinder. the realization
of our aspirations will remain over a decade
away.

The strategy emphasizes evolving our capa-
bilities in low-Earth orbit. and using those
capabilities to study our own world and explore
others. With these capabilities. we would po-
sition ourselves to lead in characterizing and un-
derstanding planet Earth: we would also posi-
tion ourselves to continue leading the way in
human exploration.

According to the NASA Advisory Council’s
Task Force on Goals. “Recognized leadership
absolutely requires the expansion of human life
bevond the Earth. since human exploration is
one of the most challenging and compelling dis-
plays ol our spacefaring abilities.”

We should explore the Moon for what it can tell
us. and what it can give us - as a scientific lab-
oratory and observing platform. as a research
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and technology test bed. and as a potential
source of import: nt resources. While exploring
the Moon. we would leam to live and work on

a hostile world bevond Earth. This should be
done in an evolutionary manner. and on a time
scale that is consistent with our develoning
capabilitics.

The natural progression of human exploration
then leads 0 Mars. There is no doubt that
exploring. pruspecting. and settling Mars
should be the ultimate vhjectives of human ex-
ploration. But America should not rush head-
long toward Mars; we should adopt a strategy to
continue an orderly expansion outward from

Earth.

The National Commission on Space urges 21st
Century America “To lead the exploration and
development of the space [rontier. advancing
science. technology. and enterprise. and build-
ing institutions and systems that make accessi-
ble vast new resources and support human set-
tlements bevond Earh orbit. from the highlands
of the Moon to the plains of Mars.” The United
States space program needs to define a course

to make this vision a reality.
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EDUCATION

An informed public is essential to both the
neat-andlong-unmmd!henmons

large-scale space programs that are now en-
visioned. This means capturing the imagi-
uations and interests of young people at an
early stage in their educational careers and
encouraging them to pursue studies that will
prepare them to actively participate in the
space program. _

“Unless the youth of this nation are strongly
motivated to seek their careers in the often
difficult fields of science and technology —of
which spece is a particularly exciting and re-
warding constituent ~ no amount of federal
program emphasis can by itself sustain a
long-term leadership role for the U.S. in civil
space activities.” U.S. Cizil Space Program:
Anr AIAA Assessment, 1987

“As revealed in a recent national survey of
student achievement, an estimated 90 per-
cent of America’s high school graduates may
not be capable of accomplishing even the
most routine high-technology tasks in the fu-
ture. While up to 90 percent of high school
graduates in other countries enjoy a profi-
ciency in math and science, a mere 6 percent
of U.S. graduates attain the same aptitudes.

Mduﬂengemamylevelfmn
elemmmy through graduate education.™
Pioneering the Space Frontier, 1986
“Thus, a strong educational system is an es-
sential component of a vital science without
which scientific progress would come to a
rapid halt. It is most important to ensure that
students are being broadly educated in con-
cepts and skills which will be useful through-
out their careers.” Tke Crisis in Space and
Earth Scierce, 1986

“The future of space biology and medicine
will depend on the quality of the young people
attracted to the field. NASA should expand
its fellowship programs to encourage predoc-
toral and postdoctoral training at Univer-
sities, research institutes, and NASA re-
search centers. Even in a period of reduced
flight opportunities, there is exciting impor-
tant research to be done in ground-based
laboratories.” A Serategy for Space Biology
and Medical Science, 1987
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amd groumd mules which will inerease imlustry interest in privatization.
Study: US. Civil Space Program: An VAL ssessment
Sponsor:  American lnstitute of Aemnautios aml Astrmautics
Objectives:  Tocomnhuct an analysis and detailesd diseussion of both urgent tnear-tosmid-term and selevtend long-teem
issaes affeecting the US, civil space prgmam. Four catezmies of issues wene addnes <ol oestorng momentum. maintaining
spawee federship. orzanizing amd managing the civil spaee program, and Bnilding for the futun-
Stoudy: Tusk Foree na Issues of o0 Wixed Fleet of Launea Systems
Sponsor: VASA \dhvisory Conecil
Objectives:  Toexamine the issues and questions . amk nahe emsoomendiations 1o N AS A concerming anes podicy
comduet the nation’s space Right peogram with s miced leetol s el The Task Force aldrssed thoa poneipal issies:
an appruprtate mix of Shattle and expendable auneh yehiicles: appoopriate policies and peactiees for VAR Vo use in
planning and providing laumch <erviees: the role NASA shocid play with respeect 10 curent efforts o promate further
commercializtion of space lunch serviees,
Study: Asscusment of the Soriet Space Program
Sponser:  Adwinistrater's Long Range Planning Office. NASA Hewlguasters
Ohjectives:  To undertake a technical review of the capabilitics of the Suvict spare program to include: transportation
sml lavnch systems, piloted programs. and space scicnee programs.
Study: Task Foree on Spuce Program Gonls
Sponmwor: NASA Advisury Council
Objectives:  Touewess the work contbuetert by NASA 10 respond wo the National Commission on Space report aisl wdvise

n the fomubation of any plas., with the cmphisis on neancr-teon guals, ohjectives. program thrusts, and broad policy
issues identifier] by the sk force.
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Study:  Yierugrncity Materials Svicture \ssexsment Task Forer
Spomer:  Mdminktrstor's Lung Range Manniog Ofice, NASA Headguarters

Objectiven:  Todetermine: NASA s pude in research, techimlagy dis clopment, amd hantoane develoganent: o idewify

evnerlial areas of reseanch o ansess NASA S rules inaesisting its custonnees interested in e STS: todes efopa plan

for xing the Shuttte, Spanedab, toe-lhers, aml Spoue Station fur micnegranity provessing neseasch.

Mtady: {4 Nerutegy pur Spave Bidugy and Modical Sciener
Spemar: Npae Svience Bianl, National Academy of Seiemees
2 Teo develup o srategy for space biology smd naslical scicuce for the 19808 and 19905 10 iderils i
ddeserilie e arvas of fusnbanaentil scientific investigaton in ~grnce Diokezy and mredicine that ane both exeiting gmd
isaprortant b prarstee: to cdes clogs the ferumbation of hanabeddge and amderstambing that will mabe binzg-teon piloeted space
habsittion sl ur expehoration feasible.
Nudy: Eduentional Afairs Five-Year Plun
Spunrors  Eihwcational Atfairs Duision, VAS A Hleskuarters
Objectives:  To dhevebsp o fiveasear plan to miprove the qualine of ~setence. nathematies, and technohsgy education
in e nationnr’s se-bunel svateties anul i nease the taient el of pesfessional amd echisiceal preeonoet sesdod mthe Sehis
ol acronautics aml spoce.
Study: Committier un Space Technology Needs for the Future
Sponsor:  Acrwmatics amd Space Engineering Boant, National Aeadems of Seiepees
Objectives:  To identify enabling and cubuaneing technahagy requinad to sapgeort an aggressive civilian space: progrun
foor thie next 30 years, evnsiskering both mission ks and the aeed for rediesd eosts for e wuisitinn and operativas i
MR LW probaabide ~ets of spatre seictiee nulitan o space applicatiions. and piloted exploation missions; wleatify
tevhendgios wevdoad to reatize and ~sapgrort the defined missions: il ancas where nes g innesatine apprsaches
are likedy to prinduce excvpliona ssstems, benetits, or new s apabiltties: detine and precitize aoosearch anl techiodogs
dhrelopannt program amd sdentits projoects ami inespoce neseand and tecimology neeids o bang the necesan technolos
to o state of readituess,
Muly: Sporer Setenee in the Tweans-First Centurs: l P5-2015
. Spenser: Space Scictee Buand, Nativnal Academy of Seictees
Objectives: Tu idemifly thee major dircvtions for space seience for the vears 1993-2015. The study was devotald to
the review of sis major disciplioe groups: Fundiamental Py sies aned Chemistry. Plane tars/Lunar Explortion. Astronemy/
Astrophysies. Farth Sviences. SolarSpace Plasmas, amd Life Seienees.

Study: ONTP Comments and Resommendations on the National Commission on Spece
Sponvor: Office of Seienee and Technodogn Poliev, ¥NASL Headeguanten
Objertives: Tudevelon o trateay on um o aspornld to the recammendations s ontained in the Natiomal Commis<ion
on Space nepart This ix intemded 10 include a revies of the cument space-adatesd poficies and diceetnes, as sell as
todevelop Presidential direction te appropriate apaencies o examine the Report and des elog potential implementation
pla s,

Study: Tusk Forre un [nternational Polics and Program Tssues
Sponsor: NAS\ \dvisery Council
Objectives: To consider the longerange plans of NASA, other nations. amd intennational baslies, with emplasis on
oppurtumitics for cooperative activities and altermative forms of such compreration, as well as areas of pesent and petennai
competition: consider the use of intemational activities as nstiruments of foreizm pelicy.
Study: Life Science Stratrgic Plunning Study Commitice
Sponsor: NASA Advisery Council
Objectives:  Chasarterize present NASA Hife seicnes: programs: recommend majur NASA Life seience reseanc. goals
and objectives: project foresceable progress in welevant life scienees amld technologies: determine what rescanch and
develupruent should be supporicd: fomuwdate techaical and scientifie simtegies 0 accompiish the sclected ohjectives
antd goals,
Study: Natil Space Transportation and Support Study
Spomor:  Office of Space Flight, NASA Hesdguartens: Department of Defense
Objectivest Tee sundy the development of 4 see mnl-gcm.nliun spance ransportation system—making use of piluicd

and antomated systems o aneet the neguinements of all users. A full sange of optivns will be studied. ine lmlmg Shuttle-de-
rived technwdugics aml others. The study will exanne the 1995-2010 time frame,
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